The chemical composition of the essential oil from roots and rhizomes of Ligularia hodgsonii was analyzed by gas chromatography (GC) and GC-mass spectrometry (MS). Forty-seven components were identified, representing 77.0% of the total oil. The main constituents were l-(+)-ascorbic acid 2,6-dihexadecanoate (15.7%), selina-6-en-4-ol (8.4%) and 9,10-dimethyl-1,2,3,4,5,6,7,8-octahydroanthracene (6.6%). The free radical scavenging activities of the essential oil, aqueous extract, ethanolic extract, and crude polysaccharides of L. hodgsonii, as well as some of their major components, were investigated using DPPH and ABTS assays. The essential oil displayed a lower capacity to quench free radicals than the extracts; the ethanolic and aqueous extracts showed considerably higher antioxidant potential that deserves further study.
Ligularia hodgsonii Hook., family Asteraceae, is a medicinal plant whose roots and rhizomes are used as a herbal medicine (named Chuan Zi Wan in Chinese) in the south-western region of China and as a substitute for Asteris Radix et Rhizoma (Zi Wan in Chinese) for the treatment of cough, excessive phlegm, hepatitis and inflammation [1] [2] [3] . Previous studies indicated that L. hodgsonii contained essential oils [4] , polysaccharides [5] , terpenoids [6, 7] , phenolic acids, flavonoids [8] , and pyrrolizidine alkaloids (PAs) [9] . Naturally-derived essential oils, polysaccharides and polyphenolic compounds are common functional ingredients in Chinese herbal medicines (CHMs) with various biological properties such as antimicrobial, antioxidant, anti-inflammatory and hepatoprotective activities [5, [10] [11] [12] . It has also been proven that the aqueous and/or ethanolic extracts of many CHMs, including those from Ligularia species, possess a good capacity to scavenge free radicals, and show antioxidant and even hepatoprotective effects in vivo [13] [14] [15] [16] . The phytochemical studies and clinical uses of L. hodgsonii suggested that the therapeutic effects of this herb might be based on such an extract and/or components with antioxidant properties [1] [2] [3] [4] [5] [6] [7] [8] .
PAs are potentially hepatotoxic to humans and live-stock [17, 18] . In our previous study, PAs were found to be involved in the liver injury induced by L. hodgsonii in rats, in which clivorine played a major role. This effect may be attributed to the deactivation of cellular antioxidant enzymes and the resultant oxidative stress damage by clivorine [2, 3] . However, it is worthy of note that the toxicity of L. hodgsonii water extract to rats was less than that of clivorine in an equivalent dosage, and its toxicity was not so significant as the other PA-containing herbs by using similar dosages of aqueous extract [3, 19] . It is possible to hypothesize that some bioactive principles with antioxidant activities may exist in this extract and exert protective effects against the PA-induced toxicity.
Clivorine has been studied for years [1] [2] [3] 20] . However, few studies are available regarding other bioactive components and/or efficient extracts of L. hodgsonii such as the essential oil and polysaccharides. To date, there was only one report on the chemical composition of the essential oil from this herb, in which only 6 compounds were identified [4] . The polysaccharides were just reported in a recent study, in which their superoxide and hydroxyl radical scavenging activities were demonstrated [5] .
In this study, the essential oil of L. hodgsonii was further investigated. As shown in Table 1 , forty-seven compounds were identified based on their mass spectra and relative retention indices determined on a non-polar stationary phase capillary column, accounting for 77.0% of the total oil. These components consisted mainly of 21 sesquiterpene hydrocarbons and 16 oxygenated sesquiterpenes, followed by 4 fatty acids and esters, 2 aromatic compounds, 2 alkenes, 1 oxygenated diterpene and 1 aliphatic ketone. The main constituents were l-(+)-ascorbic acid 2,6-dihexadecanoate (15.7%), selina-6-en-4-ol (8.4%) and 9,10-dimethyl-1,2,3,4,5,6,7,8-octahydroanthracene (6.6%). The oil was characterized by high percentages of sesquiterpenes (46.8%). It is interesting to note that most of the sesquiterpene hydrocarbons have the same molecular formula of C 15 H 24 and almost half of the oxygenated sesquiterpenes have that of C 15 H 26 O, suggesting that isomerization is common in their biosynthesis [9] . This result was in accordance with another report, in which all 6 compounds detected were sesquiterpene hydrocarbons with the molecular formula of C 15 H 24 [4] . Except eremophilene, caryophyllene, α-bergamotene and α-gurjunene, only two compounds (valencene and β-maaliene) were absent in this study. The difference may be due to the different collection time or region where the herb was collected, as well as different GC-MS conditions. It had been reported that ascorbyl palmitate (l-ascorbic acid, 6-hexadecanoate) is a good free radical scavenging agent [21] , and the structure similarity and high content of l-(+)-ascorbic acid 2,6-dihexadecanoate in L. hodgsonii oil suggested that the oil might have good activity as well (Table 1) . Therefore, the free radical scavenging activity was measured of the essential oil and its potential active components. In an effort to explore the other possible antioxidant compositions, the aqueous extract, crude polysaccharides, ethanolic extract and two of its major components, clivorine and daucosterol, were also prepared from L. hodgsonii and determined for their free radical scavenging capacities. Clivorine was also identified as a major PA in the aqueous extract [3, 9] . The activities were conducted using DPPH • and ABTS •+ scavenging assays. Both assays have been widely used for measurement of free radical-quenching capacity and evaluation of antioxidant activity of natural products [10, [12] [13] [14] [15] .
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As shown in Table 2 , the potential to scavenge both DPPH
• and ABTS
•+ were, in decreasing order, the ethanolic extract, the aqueous extract, crude polysaccharides, and the essential oil. Even though their IC 50 values were significantly different (Table 2) , all tested extracts exhibited the activities in a concentration-dependent manner. The respective IC 50 values of the essential oil in the DPPH and ABTS assays were 3399 ± 60 μg/mL and 361.0 ± 2.8 μg/mL, while those of the synthetic antioxidant BHT and natural V C , were 20.9 ± 0.1 μg/mL and 1.4 ± 0.01 μg/mL, and 5.2 ± 0.03 μg/mL and 1.5 ± 0.03 μg/mL, respectively. These data indicated that the capacity of the essential oil to quench free radicals was much lower than that of either of the synthetic or natural antioxidants. As the most likely active components in the oil were l-(+)-ascorbic acid 2,6-dihexadecanoate and α-bisabolol, these were further studied for their contributions to this activity. The former exhibited a potent radical-scavenging activity with IC 50 values of 63.1 ± 0.3 μg/mL and 43.0 ± 0.1 μg/mL in the respective DPPH and ABTS assays. However, α-bisabolol, a representative sesquiterpene, showed no activitiy ( Table 2 ). The sesquiterpene fraction amounted to 46.8% of the total oil, while the content of l-(+)-ascorbic acid 2,6-dihexadecanoate was substantially lower. Also, the active component was found to be somewhat unstable and prone to oxidation under normal conditions. This evidence may partially explain the weak activity of the total oil in comparison with the extracts.
The most active extract was the ethanolic extract, whose IC 50 values on free radical scavenging were 30.9 ± 0.3 μg/mL in the DPPH
• system and 16.2 ± 0.1 μg/mL in the ABTS •+ system. This activity was comparable with that of an ethanolic extract from Meconopsis integrifolia, which showed an IC 50 of 35.5 ± 1.2 μg/mL in the DPPH assay and excellent hepatoprotective effects in vivo [13] , and higher than that of the methanolic extract from Ligularia fischeri, a well-known medicinal herb and functional food in Korea, which showed an IC 50 of 46 μg/g to scavenge DPPH
• [15] . This Ligularia herb was found to contain a high content of phenolic substances and exercise excellent antioxidative and antihepatotoxic activities in vivo [16, 22, 23] . In order to explore the possible antioxidative components in L. hodgsonii, clivorine and daucosterol, two major components isolated from its ethanolic extract, were tested. Clivorine is a representative otonecine-type PA in many Ligularia species [1, 9] , and daucosterol is a common plant sterol glycoside [7] . In our test system for DPPH assay, however, both compounds were observed to have little scavenging effects at the highest test concentrations used of 66.7 μg/mL (daucosterol) and 1.0 mg/mL (clivorine), respectively, with percentage inhibition (PI) values of less than 2%. The concentration dependence was not apparent for either compound, and thus their IC 50 s could not be determined. This evidence suggested that other types of bioactive compounds in this extract, e.g., phenolic compounds, might be responsible for its activities. The aqueous extract also showed scavenging activities with IC 50 values of 59.6 ± 0.2 μg/mL for DPPH
• , and 32.0 ± 0.2 μg/mL for ABTS •+ . The crude polysaccharides were second to it with IC 50 values of 89.8 ± 0.7 μg/mL and 39.3 ± 0.6 μg/mL, respectively. In the literature [5] , the crude polysaccharides extracted from the same herb in the same manner showed good scavenging effects (PI=50%) on the superoxide and hydroxyl radicals at concentrations of about 100 μg/mL. These results suggested that the water soluble polysaccharides (but not PAs) might partially contribute to the free radical scavenging activity of the aqueous extract. However, the content of polysaccharides was
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Natural Product Communications Vol. 9 (10) 2014 1513 very low in this extract (app. 10%, w/w), and the other bioactive components may thus play a more prominent role. Even though PAs, including clivorine, form the major toxic fraction in the extract [3, 9] , the antioxidant principles might play an important role in their detoxification. Nevertheless, in order to uncover these active components in both ethanolic and aqueous extracts and to confirm their possible antioxidant and even hepatoprotective properties, further studies, especially by using other screening assays, would be warranted.
Experimental
Plant material: The roots and rhizomes of L. hodgsonii Hook. were collected in September, 2012 from E'mei mountain in Sichuan province in China, and authenticated by Dr Jun Tang, School of Pharmaceutical Sciences, Wuhan University. The voucher specimens (LH1701/3) of the plant have been deposited at the School of Pharmaceutical Sciences, Wuhan University.
Chemicals: 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) were purchased from Sigma-Aldrich (St. Louis, MO). Ascorbic acid (Vc) and butylated hydroxytoluene (BHT) were obtained from Aladdin Industrial Corporation (Shanghai, China). L-(+)-ascorbic acid 2,6-dihexadecanoate was purchased from TCI (Tokyo Chemical Industry Co., Ltd, Japan, the purity>97.0%) and α-bisabolol from Nine Ding Chemistry Corporation (Shanghai, China, the purity>90%). All other chemicals used in the analysis were of analytical grade and were purchased from Sinopharm Chemical Reagent Co., Ltd (Shanghai, China).
Essential oil extraction:
The oil from L. hodgsonii was obtained by hydrodistillation. Briefly, 900 g air-dried plant material was powdered by a FW177 pulverizer (Taisite Co., Tianjin, China), and then hydro-distilled for 9 h using a Clevenger type apparatus. The oil was dried over anhydrous sodium sulfate and stored at 4°C in the dark until analysis. The yield of oil was about 0.07% (w/w), with an aromatic flavor.
Qualitative and quantitative analyses of essential oil:
The GC analysis was conducted with an Agilent 6890N gas chromatograph equipped with a flame ionization detector (FID), and fitted with an apolar HP-1 MS fused-silica capillary column (30 m × 0.25 mm i.d., 0.25 μm film thickness). The GC-MS analysis was performed on a Shimadzu GC-MS QP2010plus (Kyoto, Japan). The separation was achieved on an equivalent Rxi-5 MS column (30 m × 0.25 mm i.d., 0.25 μm film thickness) purchased from Restek (Bellefonte, PA, USA). The oven temperature was held at an initial temperature of 40°C for 2.0 min, then increased to a final temperature of 290°C at a rate of 10°C/min and held for 8.0 min, using helium (GC-MS) or nitrogen (GC-FID) as carrier gas at 1.0 mL/min. Both the injector and detector temperatures were set at 280°C. The mass spectrometer was operated in the EI mode at 70eV with a mass range of m/z 40-850; scan time 2 scans/s. The ion source and interface temperatures were set at 200°C and 290°C, respectively. The components of the essential oil were identified by their Kovats retention indices (RI), mass fragmentation patterns, and by comparison with either those stored in NIST11.LIB and NIST11s.LIB or with those from the literature [24] . The major component l-(+)-ascorbic acid 2,6-dihexadecanoate was also confirmed by co-injection with the authentic compound. The relative concentration of each component was achieved by peak area normalization (FID response) without using correction factors.
Preparation of aqueous extract, ethanolic extract, crude polysaccharides, clivorine and daucosterol: The aqueous and ethanolic extracts were obtained by refluxing 500 g of dried roots and rhizomes of L. hodgsonii with distilled water and 95% ethanol, respectively, as previously described [3, 9] . Both clivorine and daucosterol were isolated from the ethanolic extract of L. hodgsonii and purified to be higher than 98% by a standard extraction procedure [7, 20] . Their structures were elucidated and confirmed via MS and NMR spectroscopy, by comparison with the reported data [25, 26] . The crude polysaccharides were also obtained according to a reported method [5] . Briefly, the residue after ethanolic extraction was further refluxed with distilled water and then ethanol was added to a final concentration of 80%. The precipitates were collected, washed with absolute ethanol and diethyl ether and thoroughly dried. The content of soluble carbohydrates in the aqueous extract and crude polysaccharides were determined to be 9.9% and 73.9%, respectively, by a conventional phenol-sulfuric acid method [27] .
DPPH free radical scavenging activity:
The DPPH free radical scavenging activity was measured according to a previous procedure with a minor modification [10, 13] . Essential oil was dissolved in absolute ethanol and prepared by serial doubling dilutions to a range of concentrations from 3.25 mg/mL to 104 mg/mL, each of which (0.3 mL) was added to 2.7 mL of 0.07 mM DPPH
• methanolic solution; the mixture was shaken vigorously and allowed to stand for 1 h in the dark before the absorbance was measured at 516 nm. The test samples of l-(+)-ascorbic acid 2,6-dihexadecanoate and α-bisabolol were prepared in a similar manner to a series of concentrations from about 0.1 mg/mL to 10.0 mg/mL, respectively; those of the aqueous extract and crude polysaccharides were prepared by dissolving in distilled water, and that of ethanolic extract by dissolving in 95% ethanol instead. Clivorine and daucosterol were dissolved in methanol to form a solution with the highest concentration of 10.0 mg/mL and 0.67 mg/mL, respectively. 
ABTS free radical scavenging activity:
The ABTS free radical scavenging activity was measured according to a published method [13] . The ABTS
•+ was generated by reacting 7 mM aqueous ABTS with 2.45 mM potassium persulfate (K 2 S 2 O 8 ), and kept in the dark at room temperature for 16 h. For the measurement of scavenging capacity, solution of ABTS
•+ was diluted with 80% ethanol to an absorbance of 0.70 ± 0.02 at 734 nm. Essential oil at a range of concentrations (0.3 mL) was added to ABTS
•+ solution (2.7 mL). The reaction mixture was kept at 30°C in the dark for exactly 30 min, and the absorbance at 734 nm was recorded. All test samples were processed in the same way as in the DPPH assay, but may need further dilution owing to the high sensitivity of this assay. ABTS radical scavenging activity was calculated according to a similar equation as that used in the DPPH assay except that the ABTS •+ solution was used for measurements.
In both assays, butylated hydroxytoluene (BHT) and vitamin C (V C ) were used as positive controls. The IC 50 (the concentration required to scavenge 50% of free radicals) was calculated by interpolation from linear regression analysis on 5 different concentrations of substrates, which produced the PI% values ranging from about 10% to 90%. 
